Molculaire, University of Geneva, 1211 Geneva 4, Switzerland (Received 31 July 1978) The feasibility of infection and transformation by SV40 (simian virus 40) of primary cell cultures derived from newborn-rat pancreas was investigated. As judged by the presence of intranuclear SV40 T-antigen, exposure to the virus resulted specifically in infection and transformation of epithelioid (predominantly endocrine) cells. The transformed cells were subcultured (more than 64 passages) and cloned. Culture medium and acid/ethanol extracts of the cells did not contain detectable amounts of immunoreactive insulin after the third subculture. However, inoculation of such SV40-transformed pancreatic cells into immunodeficient rats results in tumours in which insulin production was partially restored through the passage in vivo, since the tumour cells contained and synthesized small amounts of immunoreactive insulin which co-migrated with an insulin marker on gel chromatography. Interestingly, the transformed cells maintained under tissue-culture conditions produced a protein immunologically related to insulin, soluble in aqueous buffer but insoluble in acid/ethanol. This 30000-dalton protein is too large to be a translation product of the rat preproinsulin 9 S mRNA. SV40-transformed pancreatic cells might prove useful in the investigation of the factors controlling and maintaining insulin biosynthesis.
Pancreatic endocrine cells of mammalian origin can readily be established in primary cultures (Lambert et al., 1972) . However, these endocrine cells had a limited potential for growth in vitro: they failed to form confluent cell layers and could not be subcultured. Furthermore, no stable insulin-producing cell lines have as yet been derived from pancreatic endocrine tumours (Murray & Bradley, 1935; Yip & Schimmer, 1973; Chick et al., 1973; Adcock et al., 1975) , even though transplantable insulinomas of mixed cell types have been reported by Grillo et al. (1967) and Chick et al. (1977) . The availability of pancreatic B-cell lines would be of considerable use to study the control of insulin biosynthesis at the molecular level.
The virus SV40 exhibits a striking mitogenic effect and converts primary cultures and cell strains from different animal species into continuous cell lines (Defendi, 1966) , at least some of which retain their specific enzymic (Wells et al., 1966) and hormonal functions (Deftos et al., 1968; Grimley et al., 1969; de Vitry et al., 1974) .
In the present paper we report that infection with SV40 of primary cultures of rat pancreatic endocrine cells leads to establishment of stable cell lines that no longer produce detectable amounts of insulin or pro-insulin in vitro, but synthesize a 30000-dalton protein antigenically related to insulin. We also show that inoculation of the transformed pancreatic cells into immunodeficient rats led to outgrowth of tumours that produced small amounts of an insulin-like polypeptide.
Materials and Methods

Primary cultures ofpancreatic endocrine cells
These were prepared from newborn Wistar rats as described by Lambert et al. (1972) . Unless otherwise indicated, the cells were plated in plastic Petri dishes (60mm diameter; Falcon Plastics, Oxnard, CA, U.S.A.) in Dulbecco's modified Eagle's medium (Dulbecco & Freeman, 1959) containing 16.7mM-glucose and 10% (v/v) foetal bovine serum (GIBCO, Grand Island, NY, U.S.A.) . At 2 days after plating, this medium was replaced with fresh medium containing 5.6mM-glucose. In some experiments, the fibroblastoid cells were selectively eliminated by incubation in culture medium without cystine and foetal bovine serum for 2 days before infection, i.e. by a modification of the method reported by Chick et al. (1975) . At 3 or 5 days after plating, the cultures were infected with a suspension of wild-type SV40 twice plaque purified (0.2ml/dish). Plaque formation used for virus purification and titration was assessed in cultures of monkey kidney cells, where a single infectious viral particle will cause an area of lysed cells, the plaque. The suspension contained 5 x 108 plaque-forming units/ml, and absorption was for 90min at 37°C. The cultures were then covered with 5ml of Dulbecco's modified Eagle's medium containing 25mM-glucose and 10 % foetal bovine serum, subsequently referred to as 'culture medium'. To infect and mock-infect cells in suspension, primary cultures (from which fibroblastoid cells had been removed) were trypsin treated and centrifuged as described below. The low-speed cell pellets were resuspended in 1ml of SV40 suspension in culture medium, or in culture medium alone (mock infection).
Preparation ofsubcultures and clonal derivatives
Cultures were trypsin treated at 37°C for 5 min in Sml of phosphate-buffered saline (Dulbecco & Vogt, 1954) , pH 6.8, containing 0. 1% trypsin (Difco Laboratories, Detroit, MI, U.S.A.) and 0.6mM-EDTA (Merck, Darmstadt, Germany). The resulting cell suspensions were centrifuged at 500g for 5 min, resuspended in fresh culture medium and then replated. In most experiments, the cells from one confluent SV40-transformed culture were suspended in 50ml of culture medium and distributed into ten dishes.
To prepare cell clones, trypsin-treated cells were resuspended in culture medium to a concentration of about 30cells/ml; single drops of approx. 30,u1 were then placed in the centres of 50 small plastic Petri dishes (35mm diameter). After 24h incubation at 37°C all cells had attached to the plates. To all dishes containing a single cell, 1 ml of culture medium was added and the development of cell colonies was followed. Petri dishes containing more than one cell were discarded. In some experiments cultures were grown for 1-2 weeks in the presence of 1 % Tylocine (GIBCO), an antibiotic known to inhibit growth of mycoplasma.
Detection of SV40-induced-tumour (T) and capsid antigens Cells grown on cover slips (2cm x 2cm) were subjected to immunofluorescence tests by using either anti-T or anti-capsid serum as described previously (May et al., 1971) .
Tumour induction in immunodeficient rats
Female Wistar rats (9-10 weeks old, about 200g body wt.) bred in our laboratory were subjected to whole-body irradiation of 500rd from a cobalt source. Each animal was inoculated 24h later with 0.5 ml of culture medium containing 107 SV40-transformed cells. Inoculation was performed subcutaneously over the scapular region.
Extraction of insulin andproinsulin (a) Acid/ethanol extraction. Cell cultures were washed twice with ice-cold phosphate-buffered saline and then incubated overnight at 4°C with 2ml of acid/ethanol (ethanol/water/conc. HCI, 140:57:3, by vol.), which was later tested for immunoreactive insulin (Herbert et al., 1965) . Tumours were cut into small fragments, which were resuspended overnight at 4°C in acid/ethanol (for details see Tables 1 and 2) In control experiments, the 30000g supernatants of the sonicated preparations were mixed with a large excess of unlabelled pig insulin (100ug/ml) and subjected to affinity chromatography as above. Radioactivity that under these conditions was bound to the columns and also eluted with I M-acetic acid was considered to be non-specifically bound (see the Results section).
After affinity chromatography, the labelled immunoreactive material obtained from either cultured cells or tumour-cell suspensions was chromatographed on a column (40cm x 1.6cm) of Sephadex G-50 (medium grade; Pharmacia). To avoid nonspecific attachment of radioactive insulin or insulinrelated polypeptides we generally pre-exposed the Sephadex columns to 1mg of pig insulin (Novo Research (Orci, 1976) .
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Despite some residual mitotic activity Chick, 1973) , no significant proliferation of epithelioid cells was ever observed, even if the fibroblastoid cells had been eliminated (Braaten et al., 1974; Chick et al., 1975) , nor did the size of the clusters of epithelioid cells detectably increase later than 3-4 days after plating.
Early events after infection (1-30 days). The results of 13 independent experiments can be summarized as follows. Cultures were infected 3-5 days after plating; by 24h after infection, about 1 % of the epithelioid cells contained intranuclear SV40 T-antigen, detectable by immunofluorescence. Thereafter this number increased and reached a maximum about 3 days after infection, when 60-80 % of the epithelioid cells gave a positive immunofluorescence reaction (Fig. 1 ). In contrast, T-antigen was never detected in fibroblastoid cells. Since at no time after infection could viral capsid proteins be demonstrated, we conclude that epithelioid cells from rat pancreas are nonpermissive for SV40 and underwent an abortive infection leading only to the expression of the early viral gene(s). Virus-induced mitoses could first be observed 3-4 days after infection and led, within 1-2 weeks after infection, to the development of numerous microscopic colonies of T-antigen-positive cells. From the beginning, SV40-induced cell proliferation was accompanied by a relatively high incidence of abnormal (tri-and multi-polar) mitoses, resulting in cell death. Analogous cytological effects of SV40 have been observed in non-permissive cell cultures derived from other animal species (Defendi, 1966) . By 3 weeks after infection, most infected cultures contained numerous macroscopic colonies of rapidly growing T-antigen-positive cells. From this time on, the incidence of abnormal mitoses markedly decreased, the rate of cell proliferation increased and the T-antigen-positive cells began to form confluent cultures. The results were essentially the same whether or not fibroblastoid cells had been removed from the primary cultures before infection. Establishment of clonal derivatives. In one experiment we established 11 clones from an SV40-transformed culture during the third subculture (60 days after infection). They consisted of rapidly growing T-antigen-positive epithelioid cells, which formed confluent cultures. By now, one of these clones (B7C) has been subcultured more than 50 times (2 years). Karyotype analysis (Ford, 1962) of cells from this clone revealed a modal chromosome number of 40±2 (mean ± S.E.M. of nine observations), which was the same as that found in primary cultures of rat pancreatic cells (40±1). This does not exclude, however, the possible existence in the SV40-transformed cells of karyotypic abnormalities which could not be detected by the method used.
Tumour formation in immunodeficient rats. SV40-transformed, cloned or uncloned pancreatic cell cultures did not give rise to tumours in normal rats after subcutaneous inoculation of 107cells per animal. By contrast, inoculation of the same number of cells into rats rendered immunodeficient by cobalt irradiation led in most animals to the development of localized, subcutaneous tumours.
In a preliminary experiment, cells from two different transformed cultures (Table 1) were inoculated into three irradiated rats. All three rats developed palpable tumours after about 3 weeks. Tumour formation was then induced in 13 immunodeficient rats by inoculation of cells from clone B7C ( Table 1 ). The injected animals were killed between 1 and 8 weeks after inoculation. In two rats, examined after I week, small single tumours (2-3 mm diameter) were found. In the remaining animals, the tumours rapidly increased in size, reaching diameters of 2-3 cm. By 6 weeks some tumours tended to regress, possibly as a result of recovering immunocompetence of the hosts. Cultures were prepared from two additional tumours induced by clone B7C (1 and 4 months after inoculation) either by the use of tumour-derived cell suspensions (enzymic digestion) or by explantation of small tumour fragments. In either case cells rapidly grew In an attempt to study in more detail the early effects of infection on insulin production, fibroblastoid cells were removed from primary pancreas cell cultures and a suspension of epithelioid cells was prepared by trypsin treatment of five cultures, 5 days after plating. The cells were infected and mockinfected in suspension. Batches of about 104 cells were plated into 6cm-diameter dishes and colonies were allowed to develop for 7 days in culture medium. The results in Table 2 show that the plating efficiency of uninfected cells was very low. However, the infected cells had a moderately higher plating efficiency and, on average, the colonies formdd by infected cultures were larger and contained more cells (average cell size was similar in the two groups). Total cellular immunoreactive insulin soluble in acid/ethanol was slightly increased in the dishes containihg SV40-infected colonies; however, the hormone conteht per colony and per cell was decreased. These results support the assumption that, in a fraction of the infected cells, insulin production decreased or ceased soon after the onset of virus-induced mitotic stimulation.
After the massive outgrowth of SV40-transformed cells (30-40 days after infection) acid/ethanol-soluble cellular immunoreactive insulin and immunoreactivity in the culture medium rapidly decreased. Thus in a typical experiment the cellular content of immunoreactive insulin per 107 transformed cells, measured after the first, second and third subcultures Table 2 . Number, size and total acid/ethanol-soluble immunoreactive insulin ofepithelioid cell colonies derivedfrom SV40-infected and mock-infected primary cultures of rat pancreas Cells from primary cultures were infected or mockinfected in suspension. Portions containing 104 cells were plated in 20 6cm-diameter Petri dishes, and 7 days later the dishes were extracted with acid/ ethanol, then stained with 10% Giemnsa solution (Ford, 1962 Table 1 establish that all tumours tested contained immunoreactive insulin, except for the very small tumours isolated after 1 week. Since the amounts of acid/ethanol-soluble immunoreactive insulin were rather small, we also extracted thyroid (173mg of tissue extracted/ml), liver (580mg/ml) and muscle tissue (484mg/ml) of the tumour-bearing rats, and two hamster tumours induced by an SV40-transformed, T-antigen-positive hamster fibroblast cell line (TSV Cl 5). We were unable to find detectable amounts of immunoreactive insulin in any of the five non-pancreatic tissues tested (<0.4ng/g of tissue). Table 1 also shows that 10 of the 13 tumours induced by transformed pancreatic cells contained immunoreactive insulin measured in glycine-buffer extracts. The two non-pancreatic hamster tumours did not contain detectable amounts of such immunoreactivity.
To study the molecular properties of the insulinrelated material extracted from tumours induced by 0. 1979 SV40-transformed pancreatic cells, we prepared B7C tumour-cell-suspensions and incubated them with [3H]leucine for 3 h. The cells were then sonicated in glycine buffer, centrifuged and the 30000g supernatant was subjected to affinity chromatography, by using anti-insulin antibodies covalently linked to Sepharose 4B. The column was then washed with glycine buffer and the bound material then displaced and eluted with 1 M-acetic acid and chromatographed on a Sephadex G-50 column. The results in Fig. 2(b) show that most of the radioactivity was eluted with the void volume (mol.wt.> 12000), and a smaller fraction co-migrated with '251-labelled insulin. No radioactive peak could be detected in the region of proinsulin. The identically treated B7C parent cell line, which induced the tumour after subcutaneous injection, yielded radioactivity exclusively in the void volume (Fig. 2a) .
These results indicate that, in vivo, the SV40-transformed pancreatic cells resume the synthesis of a peptide indistinguishable from insulin by the methods used. It is suggested that the environment in vivo contains factors that are essential for the maintenance of insulin synthesis.
Presence in SV40-transformed rat pancreatic cells ofa protein antigenically related to insulin. The results obtained with the B7C-induced tumours (Fig. 2) pointed to the possibility that SV40-transformed pancreatic cells might produce a protein antigenically related to insulin, but larger than preproinsulin (11500 daltons) (Chan et al., 1976) . Such a protein might be insoluble in acid/ethanol and thus escape detection when acid/ethanol is used to extract insulin, proinsulin and preproinsulin (Chan et al., 1976) . SV40-transformed cultures of rat pancreatic cells, both cloned and uncloned, were therefore sonicated in glycine buffer and the 30000g supernatants were assayed for immunoreactive insulin. The results in Table 3 show that five SV40-transformed pancreatic cell lines tested contained small but significant amounts of immunoreactivity, whereas identically treated non-pancreatic cell cultures used as controls yielded lower contents. As expected, acid/ ethanol extracts of the different cell types in Table 3 did not contain immunoreactivity (results not shown). The results of Table 3 were not altered when the cell lines were grown for 2 weeks before extraction in the presence of an antibiotic known to inhibit growth of mycoplasma. This makes it unlikely that immunoreactivity provided by SV40-transformed pancreatic cells is due to mycoplasma infection.
To examine further the molecular properties of the immunoreactive material, four rat pancreatic cell lines, independently transformed with SV40, were labelled with [3H]leucine or [35S]methionine. One line (B7C) had been cloned, but the others had not. The 30000g supernatant of the glycine-buffer extracts after labelling was subjected to immunoaffinity chromatography. In this small group of different pancreatic cell lines, between 2 and 4 % of total trichloroacetic acid-precipitable radioactivity was found to bind to the columns and was eluted with 1 M-acetic acid. To test the immunological specificity of attachment and elution of this substance, unlabelled pig insulin (100lg/ml) was added to the 30000g supernatant in a separate experiment, and the mixture again subjected to affinity chromatography. The presence of unlabelled pig insulin decreased the percentage of bound and eluted radioactivity to 0.7-0.9 % of total acid-precipitable radioactivity. As a further control, a monkey kidney cell line (BSC) was labelled with [35S]methionine, sonicated and the 30000g supernatant subjected to affinity chromatography in the presence or absence of pig insulin (100,ug/ml). In both instances, about 0.9% of total radioactivity was retained by the columns and subsequently eluted with acetic acid, thereby suggesting that the radioactive material from BSC cells that bound to the affinity columns was unrelated to insulin. Table 3 . Glycine-buffer-soluble immunoreactike insulin content offive SV140-transformed rat pancreatic cell lines, and of two cell lines ofnon-pancreatic origin Cells from confluent Petri dishes containing about 1.5 x 107 cells were scraped off and their glycine-buffer extracts assayed for immunoreactive insulin (results are mean values±S.E.M. for n dishes). The limit of detection under these conditions was 0.1-0.4ng/dish. BSC is a monkey kidney cell line. SV1O1 is a standard SV40-transformed, T-antigenpositive cell line derived from Swiss 3T3 mouse fibroblasts.
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In other experiments the radioactive material extracted from SV40-transformed rat pancreatic cells was eluted from affinity columns and the eluate was subjected to chromatography on Sephadex G-50 columns. As previously indicated in Fig. 2(a) 30000g supernatants applied to the affinity columns. The radioactive material was eluted with 1 M-acetic acid, dialysed against water, denatured by boiling for 5min in 2% (v/v) sodium dodecyl sulphate and 5% (v/v) mercaptoethanol and finally analysed by electrophoresis on sodium dodecyl sulphate/polyacrylamide slab gels (10% polyacrylamide). The gels were fixed with 20 % (w/v) trichloroacetic acid, dried and subjected to radioautography. As shown in Fig.  4 , there was a distinct band, with an apparent molecular weight of about 30000, which comprised 10-20 % of total radioactivity present in the gels, and the remainder of the radioactivity was present in several slower-moving bands (40000-60000 daltons). The presence of 100,ug of pig insulin in the radioactive extracts from B7C cultures prevented the binding of the 30000-dalton protein to the affinity columns. contrast, no evidence for the presence of a radioactive 30000-dalton protein was observed in extracts prepared from [35S]methionine-labelled cell lines of non-pancreatic origin (BSC, CV-1), whereas radioactive proteins were present in the 40000-60000-dalton range.
These observations suggest that the 30000-dalton protein produced by SV40-transformed rat pancreatic cells is antigenically related to insulin.
Furthermore, this protein (or a related labelled protein) was also secreted into the culture medium.
The 30000-dalton protein differs from rat preproinsulin with respect to molecular size and its insolubility in acid/ethanol. Its nature and biological significance remain unknown. It is too large, however, to be coded by rat preproinsulin mRNA, which comprises about 600 (Duguid et al., 1976) or 450 (Ullrich et al., 1977) nucleotides. Experiments are required to establish whether the 30000-dalton protein shares amino acid sequences with rat insulin.
As a working hypothesis we consider the possibility that the rat insulin genes are considerably larger than expected from the size of preproinsulin mRNA and that in SV40-transformed pancreatic B cells the expression of these genes may be abnormal, perhaps as the result of altered processing (splicing?) (Berget et al., 1977 ) of a primary gene transcript. Alternatively, SV40 may activate in rat pancreatic cells (cf. Weil, 1978 ) a host-cell gene or genes that code for a larger protein from which insulin evolved (Steiner et al., 1969; de HIaen et al., 1976 ).
In conclusion, infection of primary cultures of the endocrine pancreatic cells allows the establishment of cell lines which lose the ability to synthesize insulin in vitro, but partially recover this ability after passage in vivo. The transformed cells maintained in vitro produce a 30000-dalton protein immunologically related to insulin.
